A direct-coupled, lumped broadband amplifier utilizing InP/InGaAs single heterojunction bipolar transistors (SHBT) is presented. The achieved -3 dB-bandwidth is 50 GHz with a dcgain of 9.8 dB and a gain-peaking of only 1.2 dB. To our best knowledge, this is the largest bandwidth reported for InP/InGaAs HBT amplifiers with such a flat gain curve.
Technology:
The InP/InGaAs SHBT used for the design have a MOVPE-grown layer structure and a self-aligned emitter as described in [2] . In modification to [2] , the thicknesses of the base and collector have been reduced to 50 nm and 400 nm, respectively, to improve f T and f max . All transistor of the circuit have an emitter size of 1.0 8 m 2 . These devices achieve a small-signal current gain of 25 at DC and an extrapolated f T and f max of 130 and 250 GHz, respectively, at a collector current density of 1.3 mA/ m 2 and a collector-emitter voltage of 2 V. The resistors are made of evaporated Cr-films having a sheet resistance of 50 =2.
Circuit design: The schematic of the dual-feedback Darlington amplifier is shown in Fig. 1 .
The topology has originally been demonstrated in [3] for Si-BJT low-noise amplifiers. The circuit consists of two gain stages where the first is a common-emitter stage, Q 1 , and the second a Darlington amplifier, Q 2 and Q 3 , with a series feedback resistor R e2 and shunt feedback resistor R f1 .
The resistor R e1 serves for biasing the transistor Q 2 . By adjusting the resistor R L , optimal output power match to 50 and maximal power gain can be obtained. The gain-bandwidth characteristic of the Darlington stage can be optimized by changing the series and parallel feedback resistors R e2 and R f1 , respectively. The multiple feedback topology makes it possible to simultaneously optimize the input return loss by varying the shunt feedback resistor R f2 without degrading the gain bandwidth performance severely.
Measured Results:
The RF S-parameters were measured on-wafer from 0.045 to 50 GHz for different supply voltages V CC . The amplitude and phase of S 21 and the group delay are depicted in Fig. 2 for V CC of 6, 8 and 10 V. At a supply voltage of 10 V, the amplifier reaches a gain of 9.8 dB and a -3 dB-bandwidth of 50 GHz, although the emitter-geometries of all the transistors in the circuit were the same i.e. they were not individually optimized. These results are comparable with amplifier circuits using other device structures [4, 5] . One of the main advantages of our design is that the peak-value of the gain, being at the most only 1.2 dB higher than its DC-value, is considerably lower than in those works. An almost constant group-delay of 14 ps was achieved with a variation of 2 ps. In the time domain, the gain and group-delay characteristics lead to an overshoot in the step response of about 7%. Fig. 3 shows the input and output return-losses which are better than -12 dB and -13 dB, respectively, over the whole frequency range. Up to 25 GHz the return-losses are even better than -20 dB. Therefore, the amplifier provides very good power matching properties. The circuit is quite tolerant to supply voltage variations, a reduction in V CC from 10 V to 8 V leads to a reduction in the gain of only 0.7 dB with an infinitely small decrease of the bandwidth (0.1 GHz). Moreover, the return-losses are only slightly deteriorated. However, the power consumption is almost reduced by 50 % from 200 mW at V CC = 10 V to 110 mW at V CC = 8 V.
Conclusions: A monolithic, direct-coupled feedback amplifier was designed and fabricated using InP/InGaAs SHBT technology. With a very flat gain of 9.8 dB and a DC to 50 GHz bandwidth, we achieved record-setting performance for lumped amplifiers. The input and output return-losses could be optimized to be better than -12 dB and -13 dB, respectively, in the whole frequency range. 
